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Method for adjusting a sensor device for determining the rotational position of an 
electronically-commutated motor rotor 

Field of the Invention 

The invention relates to a method for adjusting a sensor device for determining the rota- 
tional position of an electronically-commutated motor rotor. 

The invention is mainly utilized for brushless, electronically-commutated direct current 
(DC) motors. It can also be used with other electrical motors. 

Background of the Invention 

Motors of this kind can be used in a variety of applications for example in automotive 
engineering for drives supporting brake system control, or pumps and fans. Other appli- 
cation areas include ventilator fans in power supply units, or spindle motors in disk 
drives for data processing systems, just to mention a few. 

An electronically-commutated, brushless DC motor basically consists of a shaft, a rotor 
assembly equipped with one or more permanent magnets mounted on the shaft, and a 
stator assembly which incorporates a stator component and phase windings. Two bear- 
ings are mounted at an axial distance to each other on the shaft to support the rotor as- 
sembly and stator assembly relative to each other. 

Fig. 1 illustrates a schematic circuit diagram of an electronic control for a three-phase 
DC motor. The DC motor has three phase windings (U, 12; V, 14; W, 16), schematically 
illustrated in Fig. 1 in star connection 10. The three windings 12, 14, 16 are connected 
between a positive supply busbar 18 and a negative supply busbar 20. The positive sup- 
ply busbar 1 8 conveys the potential +Ubat, the negative supply busbar 20 conveys the 
potential -Ubat- The phase windings 12, 14, 16 are connected in accordance with control 
signals with the supply buses 18, 20 via six power switching components (Tl, 22; T2, 
24; T3, 26; T4, 28; T5, 30; T6, 32). The power switching components 22 to 32 are pref- 



erably power transistors. They are equipped with control connections, designated Gl to 
G6 in Fig. 1 . The control connections correspond in particular with the power transistor 
gates. The application of suitable control signals to the power transistor gates energizes 
the phase windings 12 to 16 in the DC motor in order to control its operation. Methods 
for controlling a brushless electronically-commutated DC motor which are referred to 
are, for example, described in DE 10033561 Al and U.S. 6,400,109 Bl. 

One differentiates between square-wave and sinusoidal motors when dealing with DC 
motors, particularly three-phase DC motors as used in industrial applications in automo- 
tive engineering. Square-wave energizing means that the current applied to the phase 
windings flows in a square pattern. The current is activated to a specified value at a given 
moment in time and deactivated again at another specified moment in time. Such motors 
usually have a trapezoidal induced voltage. Fig. 2A schematically illustrates the induced 
voltages of a square-wave energized or square-wave commutated motor. Switching of 
the phase currents should occur during operation if two induced voltages intersect, this 
then minimizing the torque ripple generated. Information pertaining to the respective 
rotor is required to switch the phase currents at the correct instance. 

Detailed information about the rotor position is required if the current is not only to be 
activated and deactivated, but also controlled in direct relation to the rotor position. Cur- 
rent control i((p) is practical, as torque formation can be influenced by suitable setting of 
i( 9 ): 

T((p) = K T (cp)*i(cp) 

For example, a consistent torque can be achieved on the basis of the following equations: 

sin 2 ((p)+sin 2 ((p- y) =1 or 

sin 2 ((p)+sin 2 (cp- — ^- ) + sin 2 (cp- ) = 1 

if the induced voltage Ui n d(<p) and, consequently, A^{(p) and/or AT^cp) and the current i(cp) 
have a sinusoidal flow, voltage and current are in phase and the individual motor phases 
(e.g. 90 electrical degrees in the case of a two-phase motor and 120 electrical degrees in 
the case of a three-phase motor) are shifted in relation to each other. 



Fig. 2B illustrates the induced voltages of a three-phase motor. Energizing of the DC 
motor phases should be realized as illustrated in Fig. 2C. It consists of six sections dur- 
ing an electrical cycle. 

The exact position of the rotor must be known to generate a sinusoidal current directly 
dependent on the rotor position and, consequently, the induced voltage. Decoders or re- 
solvers are among the devices utilized in the prior art to record the rotor position. These 
are rotor position sensors which operate with a specific resolution Njnc and can indicate 
the angular position of the rotor with an angular resolution of: 

360° 

<PlNC= — 
INC 

The current i(q>) for energizing the motor phases can be controlled in a suitable number 
of stages, relative to the rotor position sensor resolution. 

A resolver is, in principle, similar to a transformer with a primary winding and two sec- 
ondary windings. The winding ratio and polarity of the primary and secondary windings 
varies, depending on the angular position of the shaft. The resolver has at least two sec- 
ondary windings at an angle of 90° to each other which are stationary fittings (stator). 
The primary winding is mounted on the resolver shaft and is termed the rotor. The stator 
output signals have the same frequency if the alternating voltage is induced at a constant 
frequency in the primary winding, but they are offset by 90°. A sinusoidal signal and co- 
sinusoidal signal are thus received. The peak resolver voltage varies as the shaft rotates. 

The coil output signal is converted by an analog/digital converter, the two highest con- 
verter output signal bit values indicating the quadrant in which the shaft is, and the re- 
maining bits the shaft angle at the start of each quadrant. The analog/digital converter 
output signal is always a binary number. 

Decoders (also known as incremental decoders) generate two output signals using a glass 
disk (to give an example) in which uniform subdivisions are etched. There is a light 
source on one side of the disk and two light detectors on the other. The glass disk is 
mounted on the shaft, the light source and detectors being stationary components. The 
detectors record an interruption in the light beam caused by the disk when the disk ro- 
tates. A relative shaft rotation can be determined by counting the transitions from light to 



dark. Two detectors are used if the rotational direction is also to be recorded. Decoders 
of the type described can only record incremental shaft rotation. The absolute shaft posi- 
tion is recorded by a third sensor with the assistance of a so-called zero index or zero ref- 
erence track. 

5 The rotor position sensor provides data required for current control. A problem arises 

here, namely that the angular position of the rotor position sensor relative to the rotor is 
initially unknown. The prior art thus requires mechanical adjusting of the rotor position 
sensor relative to the rotor so that the rotor position sensor zero index coincides with a 
known specific rotor angular position. In particular the zero index should be adjusted 
10 relative to a certain known commutation position. Mechanical adjustment is relatively 

time consuming and inaccurate. 

Summary of the Invention 

The invention therefore specifies a method for adjusting a sensor device for determining 
the rotational position of an electronically-commutated DC motor rotor which is simple 
15 and less prone to error. 

This task has been solved by employing a method according to claim 1 . The invention 
also provides a system for adjusting a sensor device, in accordance with claim 12. 

According to the invention, the method employed involves the mounting of the sensor 
device in a specific position relative to the rotor and the recording of increments gener- 

20 ated by the sensor device during a revolution of the rotor. Furthermore, the angular posi- 

tion of the rotor during a revolution of the rotor is also recorded. This angular position 
can be determined in absolute values or in relation to one or more commutation angles. 
The angular position recorded is subsequently correlated with the sensor device incre- 
ments, and the correlation of angular position and sensor device increments is saved. The 

25 method employed in the invention therefore does not involve mechanical alignment of 

the sensor device when installing the motor, but rather the recording of the zero index 
position of the sensor device relative to the respective commutation positions through 
measurement in increments. Increments of different positions can then be saved in a non- 
volatile memory in the position sensor electronic module. 
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The invention not only has the advantage of rendering mechanical adjusting of the sensor 



device superfluous, but increments of each phase transition can be independently deter- 
mined and saved for varying phase spacing of different motors. 

The method employed in the invention should at least involve the allocation of a corre- 
sponding sensor device increment to each commutation angle, starting with the zero in- 
dex. Each sensor device increment should preferably be allocated to a specific sensor an- 
gular position. 

The preferred embodiment of the invention involves the counting and saving of the 
number of sensor device increments from the zero index to the commutation angle. The 
same sensor device can thus be set for different motors with different pole number ratios 
and, consequently, different commutation angles, without altering the sensor device it- 
self. The angular position sought can be determined with even greater accuracy through 
interpolation, provided a commutation angle or another sought rotor angular position lies 
between two sensor device increments. 

The motor is run externally in order to adjust the sensor device, and the induced voltages 
are recorded to determine the absolute position of the rotor shaft and the required com- 
mutation angle. Back-EMF (EMF = electronic motor force) can be measured for record- 
ing purposes. The preferred embodiment of the invention also generates a signal at each 
instance when a sought commutation angle is detected to mark the recorded angular po- 
sition as a commutation position and save the current absolute position of the sensor de- 
vice (i.e. the current incremental value). As previously mentioned, different commutation 
angles can be determined, depending on the pole number ratio of the motor. 

The invention also involves an electronically-commutated motor with rotor and stator 
and a sensor device for determining the rotational position of the rotor, the sensor device 
being fitted in a specific position relative to the rotor, with a storage unit for saving a 
correlation of the rotor angular position and the sensor device increments, and a control 
unit for motor control governed by the sensor device output signals and the saved corre- 
lation. 

The invention also involves a system for adjusting a sensor device in accordance with 
claims 12 to 14. 
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Brief Description of the Drawings 

The invention is explained in greater detail below on the basis of a preferred embodiment 
and with reference to the drawings. 

Fig. 1 shows a circuit diagram of the electronic control for a three-phase DC motor; 

5 Fig. 2A shows the voltage waveform induced by a square-wave energized three-phase 

DC motor; 

Fig. 2B shows the voltage waveform induced by a sinusoidal energized three-phase DC 
motor; 

Fig. 2C shows the energizing of a three-phase DC motor during an electrical cycle; 

10 Fig. 3 shows the energizing of a three-phase DC motor during half an electrical cycle 

and the corresponding rotor position sensor signals according to the invention; 

Fig. 4 shows a block diagram of a system for adjusting a sensor device according to 
the invention. 

Detailed Description of Preferred Embodiments 

15 Fig. 1, which has already been described, illustrates a schematic circuit diagram of an 

electronic control for a three-phase DC motor. The transistors Tl to T6, 22 to 32 are ac- 
tuated via gates Gl to G6 to energize the three phases (U 12, V 14 and W 16) of the DC 
motor. The actuating instances are determined by the sensor device output signals which 
are set in accordance with the invention. 

20 Fig. 2B illustrates the induced voltages of a three-phase DC motor with sinusoidal ener- 

gizing or commutation, the induced voltages of the three-phase DC motor being desig- 
nated u, v and w. Fig. 2B illustrates an electrical cycle of 360° of the energizing phase. 

Fig. 2C illustrates the energizing of the three-phase DC motor during an electrical cycle 
which consists of three sections, designated u, v, w, -u, -v and -w. The u, v, w, -u, -v and 
25 -w curves represent the currents applied to windings U, 12, V, 14 and W, 16 via transis- 

tors TI to T6, 22 to 32 in Fig. 1. 

According to the present invention, the method employed to adjust the sensor device or 



the rotor position sensor involves recording of the increments generated by the sensor 
device during a revolution of the rotor, while simultaneously recording the angular posi- 
tion of the rotor during a revolution of the rotor. The angular position recorded is corre- 
lated with the sensor device increments, and the correlation of angular position and sen- 
sor device increments is saved. The number of sensor device increments between the 
zero index and each commutation angle in particular should be recorded and saved. 

Fig. 3 shows an illustration similar to that in Fig. 2C, although Fig. 3 only illustrates the 
flow of currents during half a period or revolution of the DC motor (i.e. 180 electrical 
degrees). Currents are designated u 5 v, w, -u, -v and -w, as in Fig. 2C. The commutation 
angles sought are marked with arrows at three different positions in this drawing. 

The output signal of a rotor position sensor is also schematically illustrated and marked 
by 45 in Fig. 3. The rotor position sensor resolution shown in Fig. 3 is only equivalent to 
24 increments in each electrical cycle, although technicians will realize that this resolu- 
tion is only intended as an example, and that a considerably higher sensor device resolu- 
tion is selected under practical conditions. Sensor device resolution can be between 512 
and 32768 increments. It is also assumed that the DC motor in the present example has 
four pole pairs. 

The switching instances are marked with arrows in Fig. 3. They are equivalent to the re- 
spective commutation angles and are correlated and saved with the respective sensor de- 
vice increment in accordance with the method employed in the invention, correlation 
starting at the zero index. The present invention does not require that a rotor position 
sensor increment coincide every time with a switching instance, as switching instances 
can be re-determined through interpolation of two rotor position sensor increments if 
necessary (in accordance with the method employed in the current invention). 

Fig. 4 illustrates a block diagram of a system for adjusting a sensor device according to 
the invention. A brushless electronically-commutated DC motor is schematically illus- 
trated in Fig. 4 using a box 40. An external drive 42 is allocated to the motor 40 used for 
adjusting the sensor device. A phase measuring system 44 and position computer 46 are 
linked to the motor 40. A monitoring stage 48 is connected downstream from the posi- 
tion computer 46 which checks the validity of the measurement and sends an output sig- 
nal to a signal stage 50. The signal stage 50 generates a signal pulse which triggers sav- 



ing of the position data. The motor 40 is equipped with a rotor position sensor which 
generates a reference signal that indicates the absolute angular position of the rotor shaft 
in increments. This rotor position sensor can be a high-resolution reference sensor or the 
sensor device itself. The data import signal pulse is transmitted to the motor 40, the mo- 
tor 40 incorporating the sensor device and an associated memory in which the current 
absolute angular position of the shaft in increments can be saved as a commutation posi- 
tion. 

According to the present invention, the motor 40 is powered by the external drive 42. 
Voltage is induced during this in the phase windings of the motor, as illustrated in Fig. 
2 A and 3. Induced voltages are recorded by measuring the back-EMF so as to determine 
the absolute position of the rotor shaft and the respective commutation angle. The phase 
measuring system 44 and position computer 46 are provided for this purpose. The 
monitoring stage 48 checks whether the measured values are valid for the DC motor 40. 
The signal stage 50 generates at least one signal for every commutation angle which 
triggers the saving of a position and transmits a data import signal to the motor 40. 

The motor 40 incorporates the sensor device and a memory and saves the absolute an- 
gular position as a commutation position on receiving a signal pulse. A special embodi- 
ment of the invention has an additional high-resolution position sensor for adjusting the 
sensor device which has a known zero index and transmits high-resolution reference in- 
crements to accurately determine the commutation angle. Differing numbers of commu- 
tation positions are saved, depending on the motor pole number involved (square-wave 
energizing). The system can thus adapt automatically to different pole number ratios 
without altering the sensor device itself. 

The exact position of the zero index is calculated with the aid of the differential factor 
determined in increments (relative to a back-EMF intersection) and saved in the position 
sensor. The zero index signal is thus transmitted to the motor electronic control at the 
correct moment while the motor is operating. 

The data saved in the position sensor in the motor can also be utilized to illustrate abso- 
lute position information (using the increment angle correlation) and transmitted to the 
electronic control via a digital interface while the motor is operating. A serial or parallel 
interface can be used. 



Commutation positions can be determined which lie between individual sensor device 
increments if a high-resolution position sensor is used for adjusting the sensor device. A 
special embodiment of the invention therefore includes an additional interpolation unit 
which interpolates individual sensor device increments to determine the commutation 
5 position with even greater accuracy. 

The number of sensor device increments depends on a sensor device zero index been 
known. This can be determined with the aid of the high-resolution reference position 
sensor. Sensor device increments can each be calculated to one commutation position in 
whole numbers or fractions if this high-resolution reference position sensor is utilized. 

10 The data storage option means that the motor in accordance with the invention can also 

save additional information in the motor itself and access this data at any time. An inter- 
face 52 can be provided in this respect for recording primary data and inputting charac- * 
teristic data and other information via the motor (e.g. inputting a production number, 
production data and other motor data which can be useful for motor control). 

15 The method and system employed in the invention enables the adjusting of a sensor de- 

vice on an electronically-commutated motor without mechanical means, with adjustment 
according to the invention being realized in the form of a learn mode. The method ac- 
cording to the invention enables adjustment of the sensor device with considerably 
greater accuracy than mechanical adjustment of the sensor device in accordance with the 

20 prior art. Whereas deviations of ±2° from the respective commutation position were 

usual during adjustment in accordance with the prior art, the tolerances during adjust- 
ment in accordance with the invention are between one and two factors of magnitude less 
than these, depending on the resolution of the sensor device. For example, the step width 
of an increment is 360° : 1024 = 0.35° if a decoder with a resolution of 1024 Bit is used 

25 as a sensor device. This means that the sensor device can be adjusted within very narrow 

tolerance ranges. 

The characteristics disclosed in the above description, claims and the drawings can be 
significant for the realization of the invention, either individually or in any combination 
whatsoever. 
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Identification Reference List 



1 0 Star connection 

12, 14, 16 Windings 

18,20 Supply busbar 

22-32 Power switching components 

40 Motor 

42 Drive 

44 Phase measuring system 

45 output signal of rotor position sensor 

46 Position computer 
48 Monitoring stage 
50 Signal stage 



